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Abstract: From an extract of the roots of Senna spectabilis var. excelsa (Fabaceae), eight known metabolites 
including the quinone methide triterpenoid 17-(methoxycarbonyl)-28-nor-isoiguesterin (1) and friedelin (2), a 

putative biosynthetic precursor of this class of metabolites, were isolated by applying several chromatographic 
methods. The structures of the isolated metabolites were established by High Resolution NMR and MS 
analysis, and confirmed by comparison of their experimental spectroscopic and physical data with those 
previously reported in the literature. The 2D structure and relative configuration of metabolite 1 were initially 

determined via analysis of NOESY experiment and confirmed by quantum mechanics-based 
13

C NMR 
chemical shift calculations. Metabolite 1 showed a potent leishmanicidal activity against Leishmania 
amazonensis and L. brazilensis, with the IC50 values 9.6 and 6.3 μM, respectively, comparable with the 
positive control miltefosine (IC50 values 12.5 and 12.0 μM, respectively), a currently used agent for 
leishmaniosis treatment. The first example of the occurrence of a quinone methide triterpenoid in species 
belonging to the Fabaceae family and the first leishmanicidal activity of metabolite 1 are reported in this paper. 
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I. Introduction 
 

Protozoan parasites are among the most common pathogens in the world. They are recognized as 
the causative agents of some of the most serious tropical diseases in humans and domestic animals. 
Malaria, trypanosomiasis, and leishmaniosis are among diseases caused by protozoan parasites that 
affect approximately 25 % of the world’s population, mostly in developing countries. According to 
WHO, malaria, African trypanosomiasis, Chagas disease, and leishmaniosis are considered some of 
the most important tropical diseases  [1–3]. 

 
Leishmaniosis is a tropical disease caused by a number of protozoan species belonging to the 

genus of Leishmania. This ailment affects around 12 million people in 80 countries around the world, 
and it has been estimated that there is about 2 to 3 million new cases each year. In addition, 
leishmaniosis is considered one of the most neglected diseases worldwide [2]. The first chemotherapy 
to treat leishmaniosis was based on the use of toxic heavy metals, particularly, compounds containing 
antimony. However, the emergence of resistant strains has limited their usefulness. The use of drugs, 
such as pentamidine isothionate, amphotericin B, miltefosine, and paramomycin, as alternatives for 
the treatment of leishmaniosis has some limitations  due to their toxicity and high costs [4–6]. 
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Currently, a number of alternative agents are being developed. However, up to date none of these 
has been demonstrated to be fully effective against Leishmania parasites [2]. 

 
In recent years, screening programs for secondary metabolites derived from medicinal plants used 

for the treatment of leishmaniosis have been carried out. These studies have confirmed the 
importance of many plant species as potential sources for the isolation of novel compounds with 
leishmanicidal activity, as highlighted in a review about plant secondary metabolites based on the 
above-mentioned activity published by Chan-Bacab and Peña-rodríguez [2]. The drug resistance 
developed by Leishmania strains requires the evaluation of alternatives to the therapeutically agents 
available, and their affordability and toxicity is also a problem [7]. In continuing search for interesting 
bioactive secondary metabolites with leishmanicidal activity from Mozambican plants, we investigated 
the roots extracts of Senna spectabilis for its chemical constituents.  

 
Senna or Cassia is considered one of the most representative genus of the Fabaceae family. The 

genus is comprised by 350 plant species, and is widely distributed in tropical and subtropical areas of 
Africa, Asia, Australia, and Southern America. Several Cassia species are used in the traditional 
medicine to treat a wide range of ailments, as well as for ornamental purposes worldwide [8–10]. 
Senna spectabilis var. excelsa (syn. Cassia spectabilis) is a tree with 7 to 10m high [11]. The plant 
has been used traditionally in Mozambique for the treatment of diarrhoea, stomach-ache, 
tuberculosis, and asthma [12]. Previous phytochemical studies of S. spectabilis led to the isolation 
and characterization of several compounds, including alkaloids, in particular piperidine alkaloids, 
triterpenoids, and phenolic compounds [8, 9, 10, 13, 14]. The piperidine alkaloids present in the 
flowers were found to possesses leishmanicidal activity [15]. 

 
In this paper, we wish to report the isolation and the leishmanicidal activity of a quinone methide 

triterpenoid, 17-(methoxycarbonyl)-28-nor-isoiguesterin (1). Besides the isolation of compound 1,  
friedelin (2), a putative biosynthetic precursor of this class of compounds [16], was also isolated, 
together with six known compounds from an extract of the roots of this plant. Despite the fact that 
compound 1 is a known compound previously isolated from Salacia kraussii and reported to 
possesses antimalarial activity [17], this is the first report describing the isolation of a quinone methide 
triterpenoid from a specie of the Fabaceae family, and the leishmanicidal activity of the compound 1. 

 
 

II. Experimental Section  
II.1 General experimental procedures 

 
1D and 2D NMR spectra were recorded at room temperature with a Bruker Avance II 400 

spectrometer. The chemical shifts (δ) are reported in ppm relative to solvent residual signals (δH 7.26 
and δC 77.0 for CDCl3).  The HRESI-MS data were recorded with a Waters Q-TOF Micromass 
spectrometer, using H3PO4 for calibration and as internal standard. The IR spectra data were 
recorded on a Bruker Alpha-P ART-IR spectrometer. The melting point measurements were carried 
out on Gallenkamp instrument. The optical rotations were measured by a Perkin-Elmer Model 341 
Polarimeter (T = 20 oC and D = 589 nm). The column chromatography (CC) was performed using 
silica gel 60 (230-400 mesh, Merck) and gel permeation on Sephadex LH-20 (GE-Healthcare). 
Analytical TLC plates were visualized under a UV lamp at 254 nm and by spraying with vanillin 
followed by heating. All solvents used were analytical grade. 

 
II.2 Plant material 
 
The roots of S. spectabilis (var. excelsa) were collected in Moamba District, Maputo Province in 

Mozambique, in June 2013, identified locally by Mr. Francisco Mapanga, and were dried in the shade 
until use. A voucher specimen with number C/157 is kept in the herbarium of Departamento de 
Ciências Biológicas at Eduardo Mondlane University (Maputo, Mozambique).  
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II.3 Extraction and isolation 
 
The air-dried roots (300g) of S. spectabilis (var. excelsa) were grinded into a fine power. The 

powder was extracted sequentially with heptane, chloroform, EtOAc, and mixture of MeOH:H2O (7:3). 
The chloroform extract (500mg) was fractionated by column chromatography using a mixture of 
heptane:EtOAc (2:1 to 1:2) to yield three main fractions F1, F2, and F3. F1 (46.6mg) was subjected to 
Sephadex LH-20 MeOH:CHCl3 (3:7) and three main fractions (F1A, F1B, and F1C) were collected. 
F1A (26.3mg) was then subjected to column chromatography over silica gel in a mixture of 
heptane:EtOAc (2:1) to yield compound 1 (12.5mg) as reddish solid. F2 (36mg) was fractionated in a 
silica gel column chromatography (eluted with heptane:EtOAc (2:1)) which led to the isolation of β-
amyrin (4) (7.4mg) and lupeol (6, 6.1mg). F3 yielded pure octandronic acid (3, 15.3mg). 

 
4.0g of the EtOAc extract were dissolved in a mixture of MeOH:H2O (9:1) and then extracted with 

CHCl3. The chloroform soluble part was concentrated and fractionated in a column chromatography 
over silica gel by elution with heptane:EtOAc (4:1 to 1:1) to yield friedelin (2, 24.6mg) and ursolic acid 
(5, 14.2mg). One of subfraction was subjected to PTLC using the eluent solvent heptane:EtOAc (4:1) 
to yield, chrysophanol (7, 7.2mg) and scopoletin (8, 5.2mg). 

 
II.4 Leishmanicidal assay 
 
The activity was measured on in vitro cultures of Leishmania parasite in promastigote forms of 

complex L. amazonensis (clon 1: Lma, MHOM/BR/76/LTB-012) and complex L. braziliensis (strand 
M2904 C192 RJA), cultivated at 26°C in Schneider medium (pH 6.8) supplemented with inactivated 
(56°C x 30min) calf bovine serum (10%). Parasites in logarithmic phase of growth, at a concentration 
of 1 x 106 parasites/mL, were distributed on 96 micro well plates and different concentrations of 
compound 1 (1.5, 3.1, 6.2, 12.5, 50, 100 µM) were added. The micro well plates were incubated for 
72hrs at 26 °C after which a solution of XTT (1mg/mL) in PBS (pH 7.0 at 37°C) with PMS (Sigma 

Aldrich, 0,06mg/mL), was added (50L/well) and the incubation continued for 4hrs at 26 °C. All 
assays were carried out as triplicates. DMSO (1%) and miltefosine were used as negative and 
positive control. The optical density of each well was determined with a Synergy HT microplate 
reader, at λ: 200-450nm. The IC50 values were calculated using the Gen5 program (BioTek) [18]. 

 

III. Results and Discussion 
 
The roots extracts of S. spectabilis (var. excelsa) were subjected to several chromatographic 

fractionations to yield eight known compounds. Their chemical structures were determined by high 
resolution NMR and MS experiments, and confirmed by comparison of their spectroscopic data with 
those previously reported in the literature. The isolated compounds were determined to be 17-
(methoxycarbonyl)-28-nor-isoiguesterin (1) [17], friedelin (2) [19], octandronic acid (3) [20], β-amyrin 
(4) [21], ursolic acid (5) [22], lupeol (6) [23], chrysophanol (7) [24], and scopoletin (8) [25]. Their 
structures are presented in the Figure 1. 

 
The leishmanicidal activity of compound 1 was assayed against L. amazonensis and L. braziliensis 

strains. The results showed that compound 1 has the IC50 values 9.6 and 6.3 μM, respectively, and is 
more potent towards both strains tested than miltefosine (IC50 values 12.5 and 12.0 μM, respectively), 
a currently drug used for the treatment of leishmaniosis. The 20-epi-isoiguesterinol, another quinone 
methide triterpenoid isolated from S. madagascariensis was found to be more potent against L. 
donovani  and L. mexicana when compared with amphotericin B, an agent also used to treat 
leishmaniosis [26]. Thus, the quinone methide triterpenoids could show a great potential for future 
development of drugs for the treatment of Leishmaniosis, mainly the isoguesterin derivatives. In 
addition, S. spectabilis extracts could be used for the treatment of leishmaniosis in folk medicine since 
other studies has been shown that piperidine alkaloids present in its flowers have leishmanicidal 
activity [14].   Quinone methide triterpenoids are class of secondary metabolites, which occur mainly 
in higher order plant families, such as Celastraceae and Hyppocrateaceae. This class of compounds 
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display a wide range of biological activities, including anti-inflammatory, antioxidant, antifungal, 
antitrypanosomal, antimicrobial, and antitumor properties [19].  

. 

 

Figure 1. Chemical structures of compounds (1-8) isolated from the roots of S. spectabilis (var. 
excelsa). 

 

  

 
17-(Methoxycarbonyl)-28-nor-isoiguesterin (1): redish solid; 12.5mg; m.p 193-195oC; [α]D

25 = +84.4 
(c 1.0 CHCl3); IR (film): 3367 (OH), 2947 and 2871 (aliphatic), 1724 (C=O), 1596 (C=C) cm-1; 1H NMR 
(CDCl3, 400 MHz): δ 7.04 (1H, br s, OH), 7.00 (1H, d, J = 6.8 Hz, H-6), 6.54 (1H, s, H-1), 6.30 (1H, d, 
J = 6.8 Hz, H-7), 4.61 (2H, s, H-29), 3.75 (3H, s, H-30), 2.62 (1H, d, J = 6.7 Hz, H-18), 2.49 (1H, d, J = 
15.6 Hz, H-19), 2.30 - 2.06 (6H, m, H-11, H-16, H-19, H-21, H-22), 2.21 (3H, s, H-23), 2.04-1.94 (2H, 
m, H-11, H-22), 1.90-1.84 (2H, m, H-12), 1.82-1.72 (1H, m, H-15), 1.72-1.54 (2H, m, H-15, H-16), 
1.48 (3H, s, H-25), 1.36 (3H, s, H-26), 0.74 (3H, s, H-27); 13C NMR (CDCl3, 100 MHz): δ 178.5 (C=O, 
C-2), 178.3 (C=O, C-28), 168.7 (C, C-8), 164.9 (C, C-10), 146.7 (C, C-3), 146.0 (C, C-20), 133.9 (CH, 
C-6), 127.8 (c, C-5), 119.7 (CH, C-1); 117.9 (CH, C-7), 117.3 (C, C-4), 108.9 (CH, C-29), 52.3 (CH3O-
, C-30), 45.8 (C, C-17), 44.4 (C, C-14), 43.0 (C, C-9), 40.5 (C, C-13), 39.4 (C, C-18), 39.0 (CH3, C-
25), 33.8 (CH2, C-11), 32.9 (CH2, C-22), 32.1 (CH2, C-19), 31.9 (CH2, C-21), 31.8 (CH2, C-16), 29.4 
(CH2, C-12), 28.1 (CH2, C-15), 21.1 (CH3, C-26), 19.5 (CH3, C-27), 10.3 (CH3, C-23),; HRESIMS m/z 
449.2692 (calc. for C29H37O4). 

 

IV. Conclusion  

Compound 1 showed a potent leishmanicidal activity when compared with miltefone, a currently drug 
used in leishmaniosis treatment. These results could be attributed to the presence of many double 
bonds conjugated, which could react with tiols groups presents in protein as Michael acceptors. This 
could suggest that compound 1 as a promising structure for leishmaniosis treatment. Thus, the specie 
S. spectabilis var. excelsa could be used as a medicinal plant  for the treatment of leishmaniosis in 
traditional medicine, and substitute anti-leishmaniosis drugs which are less efficient. 
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